mechanisms, and its impact on the ancient Maya. We present two new palaeo-precipitation records for 23 the Central Maya Lowlands, spanning the Pre-Classic period (1800 BCE -250 CE), a key epoch in the 24 development of Maya civilization. Lake Tuspan's diatom record is indicative of precipitation changes 25 at a local scale, while a beach ridge elevation record from world's largest late Holocene beach ridge 26 plain provides a regional picture. We identify centennial-scale variability in palaeo-precipitation that 27 significantly correlates with the North Atlantic δ One of the main challenges in palaeoclimatic reconstructions is to unravel climate from human induced 51 changes. Maya societies played a key role in the formation of the landscape, but the degree of human 52 induced impact remains highly debated (Hansen, 2017; Beach et al., 2015; Ford and Nigh, 2015) . For 53 example, it is proposed that the increase in sedimentation rate after 1000 BCE at Lake Salpeten 54 (Anselmetti et al., 2007) and Peten-Itza (Mueller et al., 2009 ) is related to human induced soil erosion. 55 However, other high resolution lake records from the area do not show a significant increase in 56 sedimentation rate during the Pre-Classic or Classic period (e.g. Wahl et al., 2014) , and past volcanic 57 activity could have been responsible for the deposition of 'Maya Clay' (Nooren et al., 2017a Diatom communities within oligo-to hypersaline lakes are strongly influenced by lake water salinity 122 (Reed, 1998; Gasse et al., 1995), and we therefore determined diatom assemblage changes within the 123 Lake Tuspan sediment record (Fig. 3) to reconstruct palaeo-salinities of the lake water, reflecting 124 palaeo-precipitation in the lake's catchment. During dry periods, a reduced riverine input of fresh water 125 and a lowering of the lake level enhance the effect of evaporation and increase the salinity of the lake 126
water. The first principal component (PC-1) of the variability in the diatom assemblages is interpreted 127 as an indicator of lake water salinity (Fig. 3) . This interpretation is supported by the fact that high PC-1 128 values are accompanied by relatively high percentages of Plagiotropis arizonica (Fig. A4) water near the inflow of the Rio Dulce, not far from core A which has been studied for pollen (Galop et 136 al., 2004) . Semi-quantitative analyses of Si, S, K, Ca, Ti, Mn and Fe were conducted on both cores 137 with an X-ray fluorescence core scanner (type AVAATECH) at 0.5 cm intervals. Deposits of large 138 floods were identified on the basis of elevated concentrations of Si, Fe, Ti and Al, with peak 139 concentrations exceeding at least the one standard deviation threshold above the mean. 140 141
Core C was investigated for amorphous silica, charred plant fragments, and diatoms ( Fig. 3 , and A5). 142
The core was subsampled at 4-12 cm contiguous intervals, each interval representing 25-80 years. In 143 addition, 37 1-cm samples (representing ~6.5 yr) were processed using the method outlined by 144
Battarbee (1973) The age-depth model for core C is based on seven AMS radiocarbon dated terrestrial samples and 162 stratigraphical correlation with core A (Fleury et al., 2014). We used a linear regression between the 163 available radiocarbon dated samples ( Early Pre-Classic Period (1800 -1000 BCE) 185
The Lake Tuspan diatom record (Fig. 3) Both the beach ridge and the Lake Tuspan diatom records indicate a change to wetter conditions 210 around 1000-850 BCE, causing major changes in hydrological conditions in the CML (Fig. 3) . The 211 diatom assemblages in the Lake Tuspan record show a major change in composition. Species indicative 212 of meso-to polysaline water almost completely disappear, and are replaced by species indicating fresh 213 water conditions (Fig. 3 (PC1) and A4). In the lake sediments, this transition is also marked by a 214 lithological shift from laminated to more homogeneous sediments that lack repetitive flood layers, 215 while charred plant fragments are almost absent until ~400 BCE. Similar abrupt lithological transitions 216 were reported from Lake Chichancanab The diatom record at Lake Tuspan (Fig. 3) shows a general increase in lake water salinity, indicating a 224 gradual shift to drier conditions in the Late Pre-Classic Period. The beach ridge record (Fig. 3)  225 indicates that a relatively dry period occurred by the onset of the Late Pre-Classic period, which has not 226 been identified in other proxy records from the region (Fig. A2) Hemisphere warming (Fig. 3) (Fig. A8) . The in-phase relationship between the two records is 244 significant above a 5% confidence level at centennial timescales during the Pre-Classic Period. We did 245 not find significant relationships between the beach ridge record and other palaeo-precipiation records 246 from the CML, nor with records from the Yucatan and Central Mexico (Fig. A2) (Fig. 4) , suggesting an important role of 255
North Atlantic atmospheric-oceanic forcing on precipitation in the CML. The Northern Hemispheric 256 atmospheric δ 14 C record shows a 512-yr periodicity (Stuiver and Braziunas, 1993), which is similar to 257 the observed ~500 year periodicity of the beach ridge record during the Pre-Classic period. Such a 258 centennial scale periodicity is not apparent in Lake Tuspan's diatom record (Fig. 3) , nor in any of the 259 other palaeo-precipitation records from the Maya Lowlands (Fig. A2 ), but has been identified in the Ti 260 record from Lake Juanacatlán in the highlands of Central Mexico . This periodicity 261 has been related to the intensity of the North Atlantic thermohaline circulation and variations in solar 262 activity (Stuiver and Braziunas, 1993). 263 264
The coherence with fluctuations in solar irradiance is most evident during the 2.8 ka event, related to 265 the Homeric Grand Solar Minimum. At this time, a strong decrease in the total solar irradiance resulted 266 in higher atmospheric 14 C production and a change to cooler and wetter condition in the Northern 267
Hemisphere (e.g. Van Geel et al., 1996) , and apparently also a shift to wetter conditions in the CML, 268 evident from our two new palaeo-precipitation records (Fig. 3) . This correlation should not be used as 269 an analogue for modern precipitation variability, when periods of lower solar activity are associated 270 with lower Usumacinta River discharge and hence less precipitation in the CML (Fig. A9) 
